application of ultrasound in the food industry is a useful and attractive tool due to high efficiency, short time, easy, cost and energy saving, a method of "eco-friendly" as defined in Ashokkumar et al. (2008) and Castro Domingues et al. (2012) . Ultrasound equipment in laboratories is either baths or ultrasonic probe. Ultrasonic bath is economically affordable, and handling equipment can be easily carried out. The other type of ultrasound equipment is ultrasound probe that has a higher intensity and power because the material is applied at the micro level, and electrical failure occurs less frequently because probe is placed directly into the reaction vessel.
The aim of this study was to evaluate the effect of treatment by ultrasound (bath and probes), treatment with Chitosan alone, and the combination of ultrasound treatments (bath and probe) and
Chitosan on the quality of apple juice containing features like physicochemical (pH, acidity, total solids), total polyphenol, total antioxidant capacity, the cloud point, and Hunter color values (L*, a*, b*) in the treated samples and to compare them with each other.
| MATERIAL AND ME THODS

| Ingredients
Yellow apple variety of Golden Delicious was purchased from the market. Reagents and chemicals were prepared from Merck (Darmstadt, Germany) and consumption solvent was prepared from Barcelona, Spain, with the highest purity.
| Chemicals
Commercial Chitosan (average molecular weight), buffer 4, buffer 7, hydrochloric acid, soda, methanol, gallic acid, Folin-Ciocalteau reagent (Folin-Ciocalteu), sodium, sulfuric acid, sodium phosphate, ammonium molybdate, and ascorbic acid.
| Preparation of apple juice
Fresh apples were purchased from the local market. Apples were washed with water, dried with paper towels, and then were cut into four pieces with a stainless steel knife, while seeds and stems were separated from the apples. Apple juice was extracted using a domestic juice and was smoothed using a cleaning cloth. Control samples were tested in order to the pasteurization at 71°C for 6 s and stored in the refrigerator (Abid et al., 2013) .
| Treatment with Chitosan
Fifty milliliter of apple juice was poured in 250 ml Erlenmeyer flasks, and 5 ml commercial Chitosan 7.0% was added in water (Chitosan with average molecular weight). The Erlenmeyer flasks were incubated for 2 hr at 40°C. The samples were left at room temperature for 12 hr, finally were smoothen with Whatman filter paper (Chemat, Huma, & Khan, 2011) , were heated in order to pasteurize for 6 s at 71°C, and were stored in the refrigerator until the testing (Erkhan-Koc, Turkyilmaz, Yemis, & Ozkan, 2013; Gómez, Welti-Chanes, & Alzamora, 2011; Maghsoudlou, Zabihi, & Alami, 2014; Tastan & Baysal, 2015) .
| Ultrasound treatment
Ultrasound was carried out in accordance with Table 1 (Abid et al., 2014 (Abid et al., , 2013 ).
| Total solids (Brix)
The total solid content was measured at 20 ± 0.5°C using a refract meter (Abid et al., 2013) .
| pH
pH was measured at 20 ± 0.5°C. pH meter was calibrated with a solution of a commercial buffer 4 and 7 (Abid et al., 2013) .
| Titratable acidity
Ten milliliter of the sample was poured into 250 ml of the beaker, and 90 ml of distilled water was added. The solution was titrated with a profit of 1/N to the endpoint of pH = 2.8 ± 0.1. Titratable acidity was obtained from the following equation (AOAC, 1999):
| Total polyphenol content
The total content of phenolic was carried out using two methods of spectrophotometry and Folin-Ciocalteau. Gallic acid was used as a standard (Boyer & Liu, 2004) .
| Total antioxidant capacity
Apple juice total antioxidant capacity was measured in accordance with a procedure done by Oboh and Ademosun (2012) . Ascorbic acid was used as standard, and the antioxidant capacity was measured compared to it.
| The cloud point
The procedure was done with a little modification in accordance with the Versteeg, Rombouts, Spaansen, and Pilnik (2006) .
| Color
Sample color was analyzed using a colorimeter at Hunter Laboratory. The device was calibrated with white reference. Color values were read in terms of CIE L* a* b* system that L* is (white or light to dark ratio), a* (red-green ratio), and b* (yellow-blue ratio) (Abid et al., 2013 
| RE SULTS AND D ISCUSS I ON
| Determination of pH, acidity, and total solids changes
The effect of ultrasound and Chitosan on pH, acidity, and total sol- These results are consistent with the findings of Walkling-Ribeiro, Noci, Cronin, Lyng, and Morgan (2009) that observed no significant effect of combined treatment of electric pulses and ultrasound on pH, acidity, and total solid contents of orange juice. The findings of Abid et al. (2013) also showed that ultrasound does not cause significant changes in pH, acidity, and total solid content in apple juice.
Results obtained by Tiwari, Patras, Brunton, Cullen, and O'Donnell (2010) did not show significant differences in the pH, acidity, and total solids during grape juice ultrasound treatment. pH of Chitosan samples was higher than control and ultrasound (p < 0.05). This effect can be attributed to the nature of poly cationic Chitosan that has a linking property with acid and excluded acidic compounds from the environment. Data from the survey of Chitosan and ultrasound on the total solids of apple juices showed that samples treated with ultrasound are higher in total solids than the control (p < 0.05).
The total amount of solid material samples treated with Chitosan and ultrasound + Chitosan treatments have higher total solids than other treatments (control and ultrasound), respectively (p < 0.05).
However, according to Abid et al. (2013) was no significant difference in the pH, acidity, and total solids of grapefruit juice treated with ultrasound in comparison with the control sample (p > 0.05).
| Assessment of total polyphenol and total antioxidant capacity changes
The results of the ultrasound and the effect of Chitosan on total polyphenols and total antioxidant capacity of apple juice samples are shown in Figures 4 and 5. According to data obtained, there was no significant difference between ultrasound treatments and control samples (p < 0.05). Total polyphenols of ultrasound treatment were higher than at 40°C. Total polyphenols of apple juice samples treated by ultrasonic probe were higher than an ultrasonic bath (p < 0.05). Abid et al. (2014) studied the effects of ultrasound on the total polyphenol content in apple juice and observed significant difference between ultrasound and control samples (p < 0.05), and ultrasound treatments had higher total polyphenols. Also, increasing Oszmianski and Wojdyło (2007) reported that Chitosan has no effect on antioxidant activity of apple juice, and our results are similar to their findings. So that the ultrasound treatment increased the total antioxidant capacity of apple juice samples; however, Chitosan had no effect on the total antioxidant activity of apple juice (p < 0.05).
An increase in temperature from 40 to 60°C and the ultrasonic probe were more effective in increasing total antioxidant capacity (p < 0.05). Increase in total antioxidant capacity can be because of increase in ascorbic acid and phenolic compounds resulting from cavitations over the ultrasound of apple juice that increases extracting such compounds. Polyphenolic compounds have a high antioxidant capacity.
| Determination of cloud point and color changes
The results obtained about the effect of ultrasound and Chitosan on the cloud point and color (L*, a*, b*) is shown in Figures 6-9 .
According to the results, there is a significant difference between the cloud point of control samples and Chitosan (p < 0.05).
The cloud point in ultrasonic probe has increased compared to an ultrasonic bath (p < 0.05). The least amount of cloud point was for
Chitosan treatment (0.14 ± 0.02), and the most cloud point was for the samples treated with ultrasonic probe for 15 min at 40°C.
In accordance with the findings of Abid et al. (2013) Unwanted particle deposition in apple juice due to the ultrasound treatment is likely responsible for the increase in L*. Tiwari et al. (2008) reported that an increase in the amount of L* is probably due to an 
| CON CLUS ION
Findings from this study suggest that the use of ultrasound treatment in the production of apple juice can improve the quality factors, and in this field, ultrasound probe is more effective than ultrasound bath. The ultrasound treatment significantly improves the phenolic compounds, total antioxidant capacity without affecting the physicochemical parameters of pH and acidity of apple juice. The cloud point and chroma Hunter in samples treated with ultrasound have improved compared to Chitosan. Therefore, it is suggested to use new technology of ultrasound to improve the quality of apple juice from the standpoint of the consumer health. However, further research is needed to determine the effect of ultrasound on the sensory and functional properties of apple juice.
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